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Vector Space Models for Text

(Salton & McGill, 1983)

1. parse documents and construct a word dictionary

2. for each document, count the number of
occurrences of each word

3. discard stopwords
4. assign an unique 1 < < d to remaining words

5. for each document, D is a d-dimensional vector
whose i-th component is the number of occurrences
of word 7 in the document

6. for each document, normalize D to have unit L?
norm

Vector space models of text are very high-dimensional
and very sparse (Dhillon & Modha, 1999).
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Vector Space Models for Hypertext

We represent each hypertext document
x = (D, F,B), where

e D € R? captures word features

e F ¢ R/ captures out-links/forward-links features

e B c R’ captures in-links/back-links features

D is explicit in (Salton & McGill, 1983)
F and B are implicit in (Kleinberg, 1997)
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Concept Triplet

Given a collection (“cluster”) =m of (hyper)text
documents, define the word concept vector (Dhillon
& Modha, 1999) as

D* — ZwEﬂ'D
1> zer DI
where £ = (D, F, B) and || - || denotes the L? norm.

Similarly, define the out-link and in-link concept vectors
as, respectively,

= and B* = 2zen B .
12 zer Fl |2 xer Bl

We write concept triplet as

c, = (D*, F*, BY)
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Cluster Annotation

Given a cluster 7, and a corresponding concept triplet

c, = (D*, F*, B"),

we define

Summary as the document triplet * = (D, F, B)
that maximizes D' D*.

Review as the document triplet * = (D, F', B) that
maximizes F' F*.

Breakthrough as the document triplet x* =
(D, F, B) that maximizes B* B*.

Keywords as the words corresponding to the largest
components of D*.

Reference as the out-link corresponding to the
largest component of F*.

Citation as the in-link corresponding to the largest
component of D*.
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A Measure of Similarity

Given two hypertext documents

z = (D, F, B)
:i — <'B7 F? B)?

we define
S(x, %) =aD"D+ gF'F +vB"B
where «, (3, and  are nonnegative numbers such that

a+ [B+~v=1.

For any triplet & = (D, F, B) and for all (o, 3,7),

> S(x,x) <) S(w,caq).

rcmw rcrw
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Toric k-Means Clustering Algorithm

Given n documents
:131,:132, .. ,:Bn,

we seek k disjoint clusters and corresponding concept
triplets
(7‘(‘1, Cl>, (7‘(‘2, CQ), c e <7Tk, Ck>

such that the following is maximized:

Z Z S(x,c;).

1=1 wEﬂ'j

(1) Select k initial concept triplets.

(2) Recompute clusters by assigning each document
to the closest concept triplet (in 5).

(3) Recompute the concept triplets.

(4) Repeat steps (2) and (3), until convergence.
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Choice of the Weights

in-links

words out-links

(af, 81,47) = arg max [0, X Op x O]

where

ng/n

k
Zj:1 Z(BET&'J' DTD;

O. =
o k k

x = (D, F,B) and ng is the number of documents
with at least one word.
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Choice of the Weights- - -

Query: guinea

o 15 v | Ogq O3 O, T
0.990 0.010 0.000 | 4.20 4.40 3.13 | 58.18
0.010 0.990 0.000 | 3.61 6.45 3.24 | 75.65
0.010 0.000 0.990 | 3.92  5.92 10.09 | 234.94
0.010 0.495 0.495 | 3.73 11.35  7.40 | 314.55

query k o I5; ~y
latex 2 | 0.010 0.000 0.990
abduction | 2 | 0.495 0.010 0.495
guinea 310010 0.495 0.495
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Cluster 0 size = 92

Keywords papua,country,png,weather,service,unit
Summary Papua New Guinea Map (91)

Review Weather --- Papua --- Forecast (17)
Breakthrough  @datec internet services - Papua --- (46)
Reference @datec Internet - Papua New Guinea
Citation Papua New Guinea Orchid News
Cluster 1 size = 34

Keywords pig,pigs,request,cavy,nance,live,come
Summary Guinea Pig Links (196)

Review Todd’s Guinea Pig Hutch (6)
Breakthrough  Greg's Guinea Pigs (40)

Reference Todd’s Guinea Pig Hutch (6)

Citation OinkerNet — Guinea Pigs Worldwide!
Cluster 2 size = 20

Keywords bissau,travel,information,embassy,island
Summary Guinea Bissau Travel Notes (70)
Review Papua New Guinea Travel Notes (160)
Breakthrough ~ Anthem /Map/People/Economy (23)
Reference Country Info—The Online Travel Guide
Citation National Anthems of the World
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Paper & Sample Queries

http://www.almaden.ibm.com /cs/people/dmodha

16



